This study examines the productivity growth of the nationwide banks of China and a sample of city commercial, banks for the eleven years to 2007. Estimates of total factor productivity growth are constructed with appropriate confidence intervals, using a bootstrap method for the Malmquist index. The study adjusts for the quality of the output by accounting for the non-performing loans on the balance sheets of the banks and tests for the robustness of the results by examining alternative sets of outputs. The productivity growth of the state-owned commercial banks (SOCBs) is compared with the joint-stock banks (JSCBs) and city commercial banks (CCBs). The results show that average total factor productivity for the joint-stock banks was better than that of the state-owned banks for some models of measurement but not others. But the average city commercial banks improved its productivity growth both in terms of frontier shift and efficiency gain throughout the whole period. The study also shows that individual state-owned and joint-stock banks did improve their productivity growth and defined an improving production frontier. Most other banks lagged behind so that the gap between the inefficient banks and the most efficient banks widened. While individual banks improved their productivity growth there is no evidence that the average productivity growth of Chinese banks as a whole improved in the run-up to WTO. Malmquist index has the advantage of being able to decompose productivity growth into technological change which captures any expansion in the production frontier, from efficiency improvement, which captures the movement towards the efficient frontier.
Introduction
Banking sector reform in China has been a gradual and on-going process since Chinese banks have been encouraged to allow foreign banks and investors to take minority shareholding positions. The listing of four of the big five banks on the international exchange during 2006-7 is supposed to usher in, not only foreign capital but also foreign managerial expertise to improve bank management, performance and productivity. Given the acceptance of larger stakes by foreign banks in the smaller commercial banks (to a specified limit of 25% share); it is no surprise that Chinese bank productivity has become a popular topic of research in recent years.
There have been a number of studies of Chinese banking productivity that have been published in Chinese scholarly journals 1 , but to date only a few studies are available to non-Chinese readers 2 . The gradualist reforms of the banking sector and the potential of foreign competition would be expected to improve efficiency and productivity in the banking sector. Evidence of improved performance has begun to emerge.
This paper is an exercise in measurement. It attempts to measure the productivity of the commercial banks in China for the period 1997-2007. Two issues are addressed in this paper, namely measurement and modeling strategy. First, the measurement of output (and input) of banks is not a simple matter. We therefore consider several alternative measures of output as a means of obtaining robust results.
Second, we use the Malmquist index of total factor productivity (TFP) as a means of 1 See the appendix for a full list. 2 A recent exception is a study using non-parametric methods by Matthews et al (2009) and parametric methods by Kumbhaker and Wang (2007) translating inputs and outputs into a measure of productivity growth (TFP). The
Malmquist index has the advantage of being able to decompose productivity growth into technological change which captures any expansion in the production frontier, from efficiency improvement, which captures the movement towards the efficient frontier.
One of the problems associated with this approach is that it is constructed within the framework of Data Envelope Analysis (DEA), which is a non-parametric linear programming method that applies observed input and output data to create a 'best practice' frontier. The main drawback of the DEA approach is that it assumes the inputs and outputs are measured without error and therefore do not permit statistical evaluation. This paper aims to provide an inferential capability to the pointestimates of productivity through the use of non-parametric bootstrapping methods. The paper is organized on the following lines. The next section outlines the background to the Chinese banking system. Section 3 discusses the methodology and literature relating to the Malmquist method of estimating bank productivity. Section 4 presents the banking data. Section 5 discusses the results and section 6 concludes.
Chinese Banking
In 2007, the Chinese banking system consisted of 8,877 institutions, including 3 policy banks, 5 large state-owned commercial banks (SOCB), 12 joint-stock commercial banks (JSB), 124 city commercial banks (CCB), 29 locally incorporated foreign bank subsidiaries and the rest made up of urban and rural credit cooperatives and other financial institutions 3 .
Like many economies that have undeveloped financial and capital markets, the banking sector in China plays a pivotal role in financial intermediation. Table 1 below shows that the ratio of total bank assets to GDP has increased from 125%, in 1997, to 213% in 2007. The market is absolutely dominated by the four state owned banks, although their share of the market has been decreasing steadily through competition from the other commercial banks (JSB and CCB). Up until 1995, control of the banking system remained firmly under the government and its agencies 5 . Under state control, the banks in China served the socialist plan of directing credits to specific projects dictated by political preference rather than commercial imperative. Since 2001 foreign banks and financial institutions were allowed to take a stake in selected Chinese banks. While control of individual Chinese banks remain out of reach for the foreign institution 6 , the pressure to reform management, consolidate balance sheets, improve risk management and reduce unit costs has increased with greater foreign exposure. Table 2 shows the extent of foreign strategic investment in individual Chinese banks.
The theory of market contestability (Baumol, 1982) suggests that incumbent banks will restructure weak balance sheets, reduce costs, and improve efficiency in preparation for the threat of entry. In their annual report on foreign banks in China, 4 CBRC Annual Report 2006 http://www.cbrc.gov.cn/english/home/jsp/index.jsp 5 According to La Porta, et. al (2002) , 99% of the 10 largest commercial banks were owned and under the control of the government in 1995. 6 There is a cap of 25% on total equity held by foreigners and a maximum of 20% for any single investor, except in the case of joint-venture banks.
Pricewaterhouse-Coopers 7 refer to the China Bank Regulatory Commission report on the opening up of the banking sector. The CBRC divide the pace of reform and innovation into three stages; 1980-1993, 1993-2002 and 2003-2006. In the third stage, more of the domestic banking business was opened up to external competition.
Foreign banks were allowed to expand RMB business from the four major cities of Shanghai, Shenzhen, Tianjin and Dalian which existed at the time of accession to the WTO, to the rest of the country. RMB business activity was extended from foreign enterprises and individuals to cover domestic firms and residents. Quantitative restrictions on foreign banks RMB liabilities were lifted and capital requirements were brought into equality with domestic banks. Various restrictions on branch development were removed and branches were particularly encouraged in the underbanked geographical regions outside the east coast. The upshot of these and a number of other reforms is that Chinese banks should exhibit less inefficiency, and strong productivity improvements in this period, with marked improvements in the latter years as competition with foreign banks intensify.
7 Pricewaterhouse Coopers (2007) 
Methodology and Literature
Data Envelope Analysis (DEA) can be used to evaluate the efficiency of a firm by comparing it with a 'best practice' or output efficient firm. An output efficient firm is one that cannot increase its output unless it also increases one or more of its input, whereas an output inefficient firm is one that can increase its output without increasing its inputs. An output efficient firm would have a score of 100% as being located on the output efficient frontier whereas an output inefficient firm would be inside the frontier and have a score of less than 100%. Similarly an input efficient firm is one that cannot reduce its inputs without reducing its output whereas an input inefficient firm can.
The major drawback of the DEA approach is that the efficiency scores obtained from a particular sample are confined to that particular sample and cannot be compared with another sample in a different time period. This limitation does not allow the measurement of productivity growth, which allows for improvement in efficiency as well as technical progress.
The idea of comparing the input of a decision making unit over two periods of time (period 1 and period 2) by which the input in period 1 could be decreased holding the same level of output in period 2 is the basis of the Malmquist Index 8 . Färe et al. (1994) developed a Malmquist productivity measure using the DEA approach based on constant returns to scale. The Malmquist productivity index (M) enables productivity growth to be decomposed into changes in efficiency (catch-up) and to changes in technology (innovation) 9 .
8 Grosskopf (2003) provides a brief history of the Malmquist productivity index and discusses the theoretical and empirical issues related to the index. For the decomposition of Malmquist productivity index, see Lovell (2003) . 9 A further decomposition can be conducted by separating the change in efficiency into the change in pure efficiency x change in scale efficiency. The change in efficiency is constructed under CRS while the change in pure efficiency and scale efficiency is constructed under VRS.
9
An illustration using the one input one output case is shown in Figure 1 below.
Figure 1
Points A and B represent observations in periods t and t+1 respectively. The rays from the origin S t and S t+1 represent frontiers of production for periods t and t+1
respectively. Relative efficiency is measure in one of two ways. The relative efficiency of production of a firm at point A compared to the frontier S t is described by the distance function d t (y t ,x t ) = 0a/0b. But compared with the period t+1 frontier S t+1 , it is d t (y t ,x t ) = 0a/0c. The relative efficiency of production of a firm at point B compared to the period t+1 frontier S t+1 is d t+1 (y t+1 ,x t+1 ) = 0d/0e. Compared with the period t frontier S t , the relative efficiency is d t (y t+1 ,x t+1 ) = 0d/0c. The Malmquist index (M) of total factor productivity (TFP) change is the geometric mean of the two indices based on the technology for periods t+1 and t respectively. In other words: In their study of productivity growth in industrialised countries, Färe et al (1994) decompose (2) T t+1 = a measure of technical progress measured by shifts in the frontier from period t to t+1
When M > 1 it means that there has been a positive total factor productivity change between period t and t+1. When M < 1 it means that there has been a negative total factor productivity change.
The use of the Malmquist method of evaluating productivity performance of banks has been a growth area of academic enquiry. Berg et al (1992) examined Norwegian banks 1980-89 and found productivity regress prior to deregulation and strong productivity gains due to catch-up after deregulation. The Malmquist decomposition was used by Wheelock and Wilson (1999) to examine bank productivity in the USA for the period 1984-93. They report a general drop in average productivity caused by failure to catch-up with outward shifts of the production frontier. Alam (2001) found that the deregulation period resulted in a productivity surge in the first half of the 1980s followed by a productivity regress in the second half for large US banks. These results were confirmed by Mukherjee et al (2001) who also uses panel estimation to explain productivity growth in terms of bank size, product-mix and capitalisation.
Other studies of bank productivity using the Malmquist method have been Drake (2001) for the UK, Grifell-Tatjéand Lovell (1997) for Spain, Canhoto and Dermine (2003) for Portugal, Noulas (1997) for Greece, Fukuyama (1995) for Japan, and Isik and Hassan (2003) for Turkey. A pan-European study was conducted by Casu et al (2004) who compare parametric with the Malmquist method. There finding is that productivity growth in European banking has been largely brought about by technological change rather than efficiency improvement. Outside Europe, Worthington (1999) 1994-1999, 1999-2003 and 1997-2003 However, all these studies are limited by the lack of statistical inferential capability and therefore it is difficult to evaluate the sensitivity of the estimates obtained relative to sample variation. In other words, the deterministic estimates of the Malmquist index cannot assign confidence levels to the measures of growth. The estimates obtained in the above studies represent measures of performance relative to an estimate of the true but unobserved frontier. Since these estimates are based on finite samples, they will be subject to sampling variation of the frontier and subject to finite sample bias. The bootstrap reduces finite sample bias and reduces, or even eliminates finite sample errors in the rejection probability of statistical tests (see Horowitz, 2001 ). Simar and Wilson (1998 , 1999 , 2000 propose a smooth bootstrapping methodology to examine the sensitivity of the DEA scores and Malmquist indices to sampling variations with the aim of assigning confidence intervals.
The application of bootstrapping methods to the Malmquist productivity index remains an ongoing area of research (Lıthgreen and Tambour, 1999) . Relatively few studies have applied bootstrapping methods to measuring banking productivity. Gilbert and Wilson (1998) calculate confidence intervals for estimates of productivity in Korean banks in 1980-94 and conclude that the period had experienced significant productivity growth against the null hypothesis of no change between periods.
Tortosa-Ausina et al (2008), applies bootstrapping to Spanish savings banks over 1992-1998 and confirm the common finding that productivity growth is dominated by technological progress in the post deregulation period. Murillo-Melchor et al (2005) conduct a European wide study of bank productivity over the period 1995-2001 using bootstrap techniques. They confirm the basic finding of Casu et al (2004) that productivity gains were driven by technological progress but find significant differences in inter-country performance 11 .
Banking data
This study employs an unbalanced panel of annual data (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) for the 5 stateowned or state-controlled commercial banks (SOCB), 9 joint-stock commercial banks (JSCB) and 49 city commercial banks (CCB). The total sample consisted of 323 bankyear observations. The main source of the data was Fitch/Bankscope, and individual annual reports of banks.
Two approaches are normally taken in determining what constitutes bank input and output. The intermediation approach developed by Sealey and Lindley (1977) recognises the main function of the bank is to conduct financial intermediation. Under the intermediation approach, bank assets measure outputs and liabilities measure inputs. In contrast, the production approach recognises that the bank provides intermediation services and payment services to depositors. In the production approach, physical entities such as labour and capital are inputs while deposits are a measure of output 12 . Goldschmidt (1981) argues that deposits are both inputs and outputs depending on its use in intermediation services or payments services and suggests a weighting mechanism similar to the divisia approach of Barnett et al (1984) . Such a separation would need information about the term maturity of deposits. This information is not easily available for banks in China and in any case up until very recently deposit interest rates were regulated and did not reflect market fundamentals.
A further issue is the problem of non-performing loans which have been treated as an undesirable output in a number of studies. Park and Weber (2006) consider loans less non-performing loans (NPLs) as well as deposits as a valid output of the bank in their study of bank productivity in Korea, where NPLs are viewed as an undesirable output. Stripping out non-performing loans from the stock of loans for each bank creates a new output variable which replaces the stock of total loans and following Scheel (2001) we treat the inverse of NPLS as a positive output 13 .
Another argument for adjusting loans for NPLs is to mitigate the effect of the large loan portfolios held by the SOCBs on the efficiency calculation. The unadjusted loan portfolio would bias the efficiency score upwards for the SOCBs which have the largest share of loans but also the highest proportion of NPLs.
Finally, a variant of the production approach is to recognise that the services provided to depositors and loan obligors are reflected in the net flows of income to the bank. So services to the consumers of banking products whether it is intermediation services or other financial services, will be reflected in the net interest earnings to the bank and net non-interest earnings.
In this study, we adopt a hybrid between the intermediation and production approaches. We also recognise that deposits may be viewed as an output or as an input. We therefore consider five types of models, which can act as boundaries for the intermediation and production approaches including undesirable outputs. Model 1 is one where there are three inputs; bank deposits and borrowed funds, fixed assets and operational costs, and three outputs; total loans, other earning assets, and non-interest income. Although non-interest income remains undeveloped in China, it is selected to reflect the growing contribution of this area to banks' total income. Model 2 separates
NPLs from Loans and treats NPLs as an undesirable output. Model 3 recognises deposits as an output and Model 4 allows deposits as an output and treats NPLs as an undesirable output. Model 5 has only fixed assets and overheads as inputs but has net interest income and non-interest income as outputs. Model 5 is the closest to the concepts of the neo-classical production function which uses stocks of capital and labour to produce a flow of output. In this study overheads acts as a proxy of labour and the outputs are the revenues generated from balance sheet and off-balance sheet business, which also subsumes the lower gross interest income generated by NPLs. Table 3 summarises the input/output structure of each model. As an indicator of scale and evolution of the variables over the period, Table 4 presents the summary statistics of the input and output data by bank group for 1999 as representative of the first half of the period and for 2007 as representative of the second half. Since we are examining the movements in productivity over a period of nine years, the nominal values of data were deflated by the consumer price index. 
Empirical Results
Positive productivity growth is measured by an estimate greater than unity.
Productivity regress is indicated by an estimate of less than unity. We conduct three exercises in the measurement of bank productivity. First we estimate the standard Malmquist measure based on the deterministic Data Envelope Analysis, however this will be a biased estimate. Second, a bootstrap estimate of the median of 2000 bootstrap simulations is examined. Third, where the estimate of productivity growth is not significantly different from unity as given by the 95% confidence intervals of the bootstrap, the figure is constrained to the null of unity.
The purpose of constraining the median estimate to the null is to differentiate between the 'classical' approaches to statistical measurement from the 'Bayesian' approach. The classical approach would suggest that if an estimate was not significantly different from the null, the null is not rejected, whereas the Bayesian philosophy would suggest that the point estimate of the median is appropriate because of the frequency of its occurrence. In reality there was little numerical difference between the unconstrained and unconstrained estimates. In this particular case, the methodological difference between the classical and Bayesian approaches do not produce estimates are distinct from each other. However, for completeness we report both results.
In all three cases a constant returns to scale technology was assumed. If the production technology is variable returns to scale (VRS), the Malmquist TFP index can be further decomposed into frontier shift, pure efficiency change and scale efficiency 14 . The bootstrap algorithm of Simar and Wilson (1999) uses the conical hull of the observed data to estimate the production set, which amounts to assuming CRS. However, the Malmquist index provides consistent estimates of the true value irrespective of the returns to scale assumption but may give inconsistent results regarding the sources of productivity in the decomposition 15 . Table 5 shows the sample mean of the weighted (by group asset share) average of TFP and decomposition for each of the five models discussed above using the three alternative estimates;
• the unconstrained median bootstrap value
• the median bootstrap value constrained to the null of zero growth (index = unity) if the null is not rejected
• the pure DEA estimate.
14 See also Ray and Desli (1997) 15 In a previous study looking at the productivity growth of the national banks of China for a shorter time period Matthews et al (2009) used the third test of Banker (1996) on selected years and found that the null of CRS could not be rejected. Using the unconstrained estimates, charts 1a -1c show the decomposition of TFP growth for the three banks groups within each model.
Chart 1a
Mean The boundary is made up of the benchmark or best practice banks. The banks that make up the benchmark and define the extent of technical innovation may change from year to year and by model. However, it is instructive to identify the benchmark banks within each bank group as the bank that has the most frequent display of technical innovation and with highest average growth due to technical innovation. Table 7 below shows the annual weighted average of TFP growth in both periods for all four models. The table shows that the average TFP growth of the SOCBs ranged from 0.1% a year to 13.8% a year in the first half of the period but was universally negative in the second half. Given that Table 5 indicates the main driver for TFP growth was technical progress, this suggests that the benchmark banks had raced ahead leaving the other banks in the group with more ground to catch-up, leading to an average productivity regress. The results for the first half of the period also confirm the standard finding that the JSCBs outperformed the SOCBs, particularly when NPLs are treated as an undesirable output. But contrary to the findings of some Chinese scholars this performance is not sustained in the second half of the period. The main result is that the TFP growth of the CCBs was stronger than both groups of the national banks confirming the findings of Ferri (2009) Kumbhhakar and Wang (KW) study were labour, fixed assets and deposits and the outputs were loans and other earning assets. The inputs and outputs in this paper do not correspond exactly with the KW study; however model 1 is the closest in proximity where overheads act a proxy for labour as a factor production.
The results reported in Table 7 does not support the estimates found in the KW study although using the different models as a range show that they fall within the band. Furthermore, the results do not support the notion that the second half of the period saw an improvement in TFP growth. Table 8 shows the result of a nonparametric test for the differences in the measures of TFP growth between the two periods. There is no strong evidence (at the conventional 5% level of significance) that the high productivity growth of the first half of the period was improved on in the run-up to the opening up of the banking market to foreign competition. Indeed there is weak evidence to the contrary. We now turn to an examination of the characteristics of TFP growth as a means of identifying the key bank specific components that might explain productivity performance. Taking the logarithms of TFP we conduct pooled regression.
The bank specific variables that we used were SIZE measured by the log of assets, the cost-income ratio (COST), NPL ratio (NPL) and a measure of revenue diversification given by the proportion of fee income in total revenue (FEE). In addition we also explored the performance of banks that have a foreign stake-holding and we also included a dummy variable to distinguish between the earlier and later periods (DUM) and category of bank (JCSB=1 if joint stock bank, zero otherwise and CCB=1 if City Commercial Bank, zero otherwise). All bank specific variables were lagged one period to account for potential endogeniety. Table 9 summarises the results. The determinants of the decomposition of TFP growth into technical innovation (frontier shifts defined by best practice) and efficiency (catch-up) is shown in Table 10 below. ( -) *** Direction showed in parenthesis. *** significant at the 1%, ** significant at the 5% Table 10 shows more clearly that technical innovation is positively associated with banks that have diversified their revenue sources by developing non-interest income business, whereas efficiency gains (catch-up) has been typically associated with banks that have reduced their cost-income ratio. There is also some weak evidence that banks have been able to generate catch-up efficiencies by lowering the NPL ratio and that size is a positive factor in developing technical innovation. There is consistent evidence that efficiency gains are more prevalent with the CCBs than with the other two bank groups.
Conclusion
This paper has used the Malmquist decomposition to quantify the productivity growth of Chinese banks in the period 1998-2007. The advantage of using the Malmquist method is that it separates the diffusion of technology (efficiency gains) from advances in technology (frontier shifts). The paper also applies bootstrapping techniques to evaluate significant changes in productivity, efficiency gains and innovation. Five models were examined to provide a robust measure of bank productivity performance.
In This may in part be due to the fact that foreign banks still only command a small share of the banking market in China. It is also possible that domestic competition is particularly strong between local banks with CCBs challenging the bigger established national banks. 
Appendix B
The estimates of the distance functions for N banks over 2 periods are obtained following the standard method outlined in Färe et al (1992) . As in Simar and Wilson (1998) a DGP is assumed whereby the N banks randomly deviate from the underlying true frontier in a radial input direction.
Bootstrapping involves replicating the DGP and generating 1000 pseudo samples which are used to measure the distance function for either period for each observation in the pseudo sample. This section borrows heavily from Jeon and Sickles (2004) Step 1 bounded from below at unity.
Step 2 Step 6 unit values which gives a (N x 2) of bivariate deviates from the estimated density of ∆ and ε * is an (N x 2) containing N independent draws from the kernel function K j (.).
Step 7 Step 9: Compute the four distance functions; 
